e* 



OCJIC i VUil J 



Brake control apparatus for a vehicle 



Veroffentlichungsnr. (Sek.) 
Veroffentlichungsdatum : 
Erfinder : 

Anmelder :: 

Veroffentlichungsnummer : 
Aktenzeichen: 

(EPIDOS-INPADOC-normiert) 

PrioritStsaktenzeichen: 
(EPIDOS-INPADOC-normiert) 

Klassifikationssymbol (IPC) : 

Klassifikationssymbol (EC) : 

Korrespondierende 
Patentschriften 



EP0798187 
1997-10-01 

SAWADA MAMORU (JP); ABE YOICHI (JP); YONEMURA 
SHUICHI (JP) 

DENSO CORP (JP) 
n EP0798187 , A3 

EP1 99701 04526 19970317 

JP1 9960072429 19960327 
B60T13/66 

B60T13/72 , B60T7/12 , B60T8/32D14D , B60T13/66 



□ JP9263233 . □ US61 58824 



Bibliographische Daten 



An operated quantity of a brake pedal (1 ) is detected based on a signal from a stroke sensor (25) 
(S1 10 in FIG. 4). A starting criterion to start brake assisting is determined with respect to an operated 
speed of the brake pedal in response to the operated quantity of the brake pedal (S120 in FIG, 4). An 
operated-quantity change is calculated by differentiating the operated quantity of the brake pedal (S130 
in FIG. 4). It is determined whether the operated-quantity change exceeds the starting criterion (S140 in 
FIG. 4). If the operated-quantity change exceeds the starting criterion, bra ke as sisting is started by 



driving a pump (15) to increase wheel cylinder pressure (S150 in FIG. 4). 

Daten aus der esp@cenet Datenbank - - 12 




../abstract?C Y=de&LG=de&PNP=EP0798 1 87&PN=EP0798 1 87&CURDRAW=0&DB=E00 1 -06- 1 3 



(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets 




(12) 



(43) Date of publication: 

01.10.1997 Bulletin 1997/40 

(21) Application number: 97104526.5 

(22) Date of filing: 1 7.03.1 997 



(n) EP 0 798 187 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : B60T 13/66 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 27.03.1996 JP 72429/96 

(71) Applicant: DENSO CORPORATION 
Kariya-City Aichi-Pref. 448 (JP) 

(72) Inventors: 

• Yonemura, Shuichl 
Kariya-shl, Aichl 448 (JP) 

(54) Brake control apparatus for a vehicle 

(57) An operated quantity of a brake pedal (1) is 
detected based on a signal from a stroke sensor (25) 
(S110 in FIG. 4). A starting criterion to start brake 
assisting is determined with respect to an operated 
speed of the brake pedal in response to the operated 
quantity of the brake pedal (S120 in FIG. 4). An oper- 
ated-quantity change is calculated by differentiating the 
operated quantity of the brake pedal (S130 in FIG. 4). It 
is determined whether the operated-quantity change 
exceeds the starting criterion (S140 in FIG. 4). If the 
operated-quantity change exceeds the starting crite- 
rion, brake assisting is started by driving a pump (15) to 
increase wheel cylinder pressure-(S150 in FIG. 4). 



• Abe, Yoichl 
Kariya-shl, Aichl 448 (JP) 

• Sawada, Mamoru 
Kariya-shl, Aichl 448 (JP) 

(74) Representative: KUHNEN, WACKER & PARTNER 
Alols-Stelnecker-Strasse 22 
85354 Freising (DE) 



FIG. 4 



c 



START 



S100 




S150 



( END ) 



Printed by Rank Xerox (UK) Business Services 
2.14.14/3.4 



1 



EP 0 798 187 A2 



Description 

CROSS REFERENCE TO RELATED APPLICATION 

The present invention is based upon and claims the 
benefit of priority of the prior Japanese Patent Applica- 
tion No. Hei 8-72429 filed on March 27, 1996, the con- 
tents of which are incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a vehicular brake 
control apparatus exhibiting high braking force, and 
more particularly, to a brake control apparatus which 
can provide, to wheel cylinders, brake-fluid pressure 
higher than master-cylinder pressure generated by a 
master cylinder, in a case where obtaining higher brak- 
ing force is desirable on a road having a high friction 
coefficient or the like. 

2. Related Arts: 

United States Patent No. 5,427,442 discloses a 
brake fluid pressure boosting apparatus for an automo- 
bile which boosts brake-fluid pressure applied to, wheel 
cylinders to obtain optimal braking force. In the brake 
fluid pressure boosting apparatus, a boosting effect due 
to a brake-pressure booster is intensified in a state of 
panic braking wherein a driver hesitates to depress a 
brake pedal with maximum force. As a result, wheel-cyl- 
inder pressure larger than normal in response to a 
driver's pedal-depression force is applied to the wheel 
cylinders and high braking force is secured. 

The prior art apparatus, however, increases wheel- 
cylinder pressure by intensifying the boosting effect only 
in a case where a pedaJ-depression force increase gra- 
dient is higher than a predetermined increase gradient. 

Further, United States Patent No. 5,350.225 dis- 
closes a braking force amplifying apparatus which 
amplifies a braking force when a moving speed of a 
brake pedal caused by a driver's depressing operation 
exceeds a predetermined threshold value. This appara- 
tus, however, is not effective enough either. For exam- 
ple, when a driver further depresses the brake pedal 
from a state that the brake pedal has been depressed to 
some extent, because the brake pedal can not move 
over a long distance, a moving speed of the brake pedal 
does not become high enough to exceed the predeter- 
mined threshold value. Therefore, even if the apparatus 
has the structure that can realize high wheel-cylinder 
pressure, the desirable high braking force can not 
always be obtained. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
brake control apparatus for a vehicle which can reliably 



ensure high braking force when a higher braking force is 
required, just like a sudden braking in a panicky situa- 
tion. 

To achieve this object, the brake control apparatus 
5 for a vehicle according to the present invention has a 
brake fluid pressure generating device (e.g.. master cyl- 
inder) which generates a first brake fluid pressure in 
response to a driver's depressing force applied to a 
brake pedal and a brake assisting device which gener- 
ic ates a second brake fluid pressure higher than the first 
brake fluid pressure and provides the second brake fluid 
pressure for a braking force generating device (e.g., 
wheel cylinder) to cause a braking force to generate at 
a wheel. Specifically, the present invention has an oper- 
is ation detecting device which detects a value corre- 
sponding to an operated quantity of the brake pedal, a 
starting criterion changing device which changes a 
starting criterion to determine whether the brake assist- 
ing device starts brake assisting and a starting device 
20 which causes the brake assisting device to start the 
brake assisting when a physical quantity varied in 
response to braking state has reached the starting crite- 
rion. 

Accordingly, when the driver further depresses the 

25 brake pedal from a state that the brake pedal has been 
depressed to some extent for example, even if the oper- 
ated speed of the brake pedal does not become high, 
the brake assist can be performed. As a result, large 
braking force can be assured as the driver intends. That 

30 is, the large braking force can be assured regardless of 
a depressed state of the brake pedal. 

When the value corresponding to the operated 
quantity of the brake pedal has reached a predeter- 
mined determination value, the brake assisting device 

35 may start the brake assisting. That is, the predeter- 
mined determination value as a starting criterion is not 
changed, and it is determined that the brake pedal is 
deeply depressed and a sudden braking is made when 
the value corresponding to the operated quantity of the 

40 brake pedal is large to some extent. Accordingly, brake 
assisting is started to increase braking force. As a 
result, sufficient braking force can be obtained when 
large braking force is necessary. Further, the opera- 
tional processing required for braking force control can 

45 be simplified. 

Further, as a pedal stroke becomes large, because 
reaction force from the brake pedal also becomes large, 
the driver has a difficulty of depressing the brake pedal 
further. Moreover, the brake pedal may be pushed back 

so due to the reaction force and large braking force can not 
be maintained on the contrary to the driver's intention. 
Therefore, the starting criterion of the brake assist is 
substantially set to a pedal position that the brake pedal 
is started to be pushed back due to the reaction force. 

55 As a result, large braking force can be maintained. 

A depressed position of the brake pedal can be 
adopted as the value corresponding to the operated 
quantity of the brake pedal. The depressed position 
indicates a present position of the brake pedal, which 
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can be detected by various kinds of electrical, magnetic 
and optical sensors. 

A pedal stroke of the brake pedal can also be 
adopted as the value corresponding to the operated 
quantity of the brake pedal. The pedal stroke is a mov- 
ing quantity of the brake pedal from a reference position 
of the brake pedal which is the position, for example, 
that the brake pedal has not been depressed yet. The 
moving quantity of the brake pedal from the reference 
position (depressed quantity) can be detected by a 
stroke sensor or the like. 

A master cylinder pressure can be adopted as the 
value corresponding to the operated quantity of the 
brake pedal. The master cylinder pressure can be 
detected by various kinds of pressure sensors that can 
detects brake fluid pressure. 

Depressing force on the brake pedal can be 
adopted as the value corresponding to the operated 
quantity of the brake pedal. The depressing force can 
be detected by various kinds of pressure sensors that 
can detect pushing force. 

An operational speed that is the change of the vari- 
ous kinds of operated quantities per unit time can be 
used as the starting criterion. For example, in a case 
where a moving speed of the brake pedal (operational 
speed) is used as the starting criterion, when the mov- 
ing speed of the brake pedal exceeds a predetermined 
threshold value (a certain starting criterion), the brake 
assisting is started. 

An operational acceleration that is the change of 
the operational speed per unit time can be used as the 
starting criterion. For example, in a case where moving 
acceleration of the brake pedal (operational accelera- 
tion) is used as the starting criterion, when the moving 
acceleration of the brake pedal exceeds a predeter- 
mined threshold value (a certain starting criterion), the 
brake assisting is started. 

The deceleration of a vehicle body can be used as 
the starting criterion. That is, when the deceleration of 
the vehicle body detected by a deceleration sensor has 
reached a predetermined deceleration determination 
value, the brake assisting is started. In this case, the 
starting criterion is not changed. The deceleration of the 
vehicle body is detected by. for example, G sensor and 
if the deceleration of the vehicle body is large, it can be 
determined that the brake pedal is deeply depressed 
and the sudden braking is made. Therefore, the brake 
assisting is started to increase braking force. As a 
result, sufficient braking force can be obtained when 
large braking force is necessary and the operational 
processing required for braking force control can be 
simplified. 

it is to be noted that a brake booster can be used as 
the brake assisting device. That is, when the brake 
assist is needed, the brake booster is driven to generate 
higher master cylinder pressure (i.e. wheel cylinder as 
well) than normal. As a result, braking force can be 
increased. 

Further, a pressure amplifying device can be used 



as the brake assisting device. The pressure amplifying 
device can be composed of a pump and proportional 
control valve connected in reverse. In this case, the 
pump moves brake fluid from the brake fluid pressure 

5 generating device side to the braking force generating 
device side. As a result, the first brake fluid pressure is 
decreased due to a quantity of brake fluid moved by the 
pump, and the second brake fluid pressure is increased 
due to the moved brake fluid. Therefore, the braking 

10 force generating device can increase braking force 
based on the increased second brake fluid pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

is These and other objects, features and characteris- 
tics of the present invention will be appreciated from a 
study of the following detailed description, the 
appended claims, and drawings, all of which form a part 
of this application. In the drawings: 

20 

FIG. 1 is a model diagram indicating a structure of 
a brake control apparatus according to a first 
embodiment of the present invention; 
FIG. 2A is a drawing indicating detailed structure of 
25 a holding device in the first embodiment; 

FIG. 2B is a graph illustrating characteristic of the 
holding device; 

FIG. 3 is a block diagram indicating an electrical 
control unit of the first embodiment; 
30 FIG. 4 is a flowchart indicating control processing of 
the first embodiment; 

FIGS. 5A and 5B are explanatory diagrams indicat- 
ing a starting criterion of the first embodiment; 
FIG. 6 is a flowchart indicating control processing of 

35 a second embodiment; 

FIG. 7 is an explanatory diagram indicating a start- 
ing criterion of the second embodiment; 
FIG. 8 is a flowchart indicating control processing of 
a third embodiment; 

40 FIG. 9 is an explanatory diagram indicating a start- 
ing criterion of the third embodiment; 
FIG. 10 is a flowchart indicating control processing 
of a fourth embodiment; 

FIG. 11 is an explanatory diagram indicating a 
45 starting criterion of the fourth embodiment; 

FIG. 12 is a model diagram indicating a structure of 

a brake control apparatus according to a fifth; 

FIG. 13 is a drawing indicating a modification of the 

pressure amplifying device; and 
so FIGS. 14A to 14C are drawings indicating detailed 

structure of the modification of the holding device in 

addition to a proportioning control valve. 

DETAILED DESCRIPTION OF THE PREFERRED 
55 EMBODIMENTS 

(FIRST EMBODIMENT) 

A first embodiment of a brake control apparatus 
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according to the present invention will be described 
hereinafter with reference to the drawings. 

FIG. 1 is a structural view indicating the first embod- 
iment according to the present invention. In the first 
embodiment, the brake control apparatus is applied in a 
vehicle of a diagonal brake-fluid conduit system pro- 
vided with respective brake-fluid conduits of connecting 
front-right wheel cylinder with rear-left wheel cylinder 
and connecting front-left wheel cylinder with rear-right 
wheel cylinder in a front-wheel drive four-wheeled vehi- 
cle. 

In FIG. 1. a brake pedal 1 depressed by a driver 
when applying braking force to the vehicle is connected 
to a booster 3, and depression force applied to the 
pedal 1 and pedal stroke thereof are conveyed to this 
booster 3. The booster 3 has at least two chambers, a 
first chamber and a second chamber, and for example 
the first chamber can be set as an atmospheric-pres- 
sure chamber and the second chamber can be set as a 
vacuum chamber. Intake-manifold vacuum of an engine, 
vacuum generated by a vacuum pump or the like is 
employed as vacuum introduced in the vacuum cham- 
ber. Accordingly, this booster 3 directly boosts the 
driver's pedal depression or pedal stroke by a pressure 
differential of the atmospheric-pressure chamber and 
the vacuum chamber. The booster 3 has a push rod or 
the like to convey the depression force or pedal stroke 
boosted in this way to a master cylinder 5. and this push 
rod generates master-cylinder pressure PU by com- 
pressing a master piston disposed in the master cylin- 
der 5. It is to be noted that, in the first embodiment, the 
booster 3 can be omitted. 

The master cylinder 5 is provided with an independ- 
ent master reservoir 7 to supply brake fluid inside the 
master cylinder 5 or to accumulate excess brake fluid 
from the master cylinder 5. 

The master-cylinder pressure PU generated in the 
master cylinder 5 is conveyed to brake fluid within a first 
conduit A linking the master cylinder 5 and a first wheel 
cylinder (W/C) 8 disposed in the front-right wheel FR to 
impart braking force to this wheel, and the master 5 and 
a second wheel cylinder 9 disposed in the rear-left 
wheel RL to impart braking force to this wheel. The 
master-cylinder pressure PU is similarly conveyed also 
to a second conduit linking respective wheel cylinders 
disposed in the front-left wheel and the rear-right wheel 
to the master cylinder 5. However, because structure 
similar to the first conduit A can be employed for the 
second conduit, detailed description will be omitted. 

The first conduit A is made up from two parts sepa- 
rated by a pressure-amplifying device 10 (as a power 
brake which performs a brake assist) disposed in this 
first conduit A. That is to say, the first conduit A has a 
first conduit part A1 to receive the master-cylinder pres- 
sure PU in the interval from the master cylinder 5 to the 
pressure-amplifying device 10 and a second conduit 
part A2 in the interval from the pressure-amplifying 
device 10 to the first wheel cylinder 8. 

The pressure-amplifying device 10 moves brake 



fluid of the first conduit part A1 to the second conduit 
part A2 and holds the pressure in the second conduit 
part A2 at a second brake-fluid pressure PL when the 
brake pedal 1 is depressed and the master-cylinder 

5 pressure PU is generated within the first conduit A. 
According to this first embodiment, this pressure-ampli- 
fying device 10 is composed of a proportioning control 
valve (PV) 13 and a pump 15. 

The pump 15 is connected within the first conduit A 

10 in parallel with the proportioning control valve 13, and 
takes in brake fluid from the first conduit part A1 and dis- 
charges brake fluid to the second conduit part A2 during 
generation of the master-cylinder pressure PU. 

When brake fluid has been moved from the first 

is conduit part A1 to the second conduit part A2 by the 
pump 15 and the brake-fluid pressure of the second 
conduit part A2 has become the second brake-fluid 
pressure PL which is greater than the master-cylinder 
pressure PU, the proportioning control valve 13 acts to 

20 maintain this differential pressure (PL - PU). 

In this way, the pressure-amplifying device 10 pro- 
vided with the pump 15 and the proportioning control 
valve 13 moves the brake fluid of the first conduit part 
A1 which has assumed the same pressure as the mas- 

25 ter-cylinder pressure PU accompanying depression of 
the brake pedal 1 to the second conduit part A2, 
reduces the brake-fluid pressure within the first conduit 
part A1. The pressure-amplifying device 10 simultane- 
ously maintains the differential pressure of the amplified 

30 second brake-fluid pressure PL within the second con- 
duit part A2 and the master-cylinder pressure PU. The 
pressure-amplifying device 10 performs pressure ampli- 
fication in this way. 

The second brake-fluid pressure PL which has 

35 been caused to be greater than the master-cylinder 
pressure PU is applied to the f irst and second wheel cyl- 
inders 8 and 9, so that high braking force is ensured. 

It is to be noted that a proportioning control valve 
1 3* as well-known (being the same as the proportioning 

40 control valve 1 3) may be disposed at the second conduit 
part A2 to operate so that the brake fluid pressure 
applied to the second wheel cylinder 9 becomes smaller 
than the brake-fluid pressure applied to first wheel cylin- 
der 8. The proportioning control valve 13' is provided to 

45 prevent the rear wheel, as far as possible, from falling 
into a locking state earlier than the front wheel in a case 
where load movement of the vehicle of the like has 
occurred during vehicle braking. However, explanation 
about an example that the proportioning control valve 

so 1 3* is omitted will be given, hereinafter. 

Next, function of the proportioning control valve 13 
will be described in detail. 

In the first embodiment, as shown in FIG. 2A, the 
proportioning control valve 13 is connected in reverse. 

55 The proportioning control valve 13 ordinarily acts to 
convey basic pressure of the brake fluid to a down- 
stream side while attenuating the brake-fluid pressure 
with a predetermined attenuation ratio when the brake 
fluid is flowing in a normal direction (a direction of an 



4 



7 



EP0 798 187 A2 



8 



arrow Yl in FIG. 2A). Accordingly, when the proportion- 
ing control valve 13 is connected in reverse, the second 
conduit part A2 side comes to generate the foregoing 
basic pressure and the first conduit part A1 side 
becomes the downstream side when the brake fluid 
flows from the second conduit part A2 to the first conduit 
part A1 through the proportioning control valve 13. 
Accordingly, as shown in FIG. 2B, when the second 
brake-fluid pressure PL within the second conduit part 
A2 has become not less than split-point pressure P1 
established for the proportioning control valve 13 
accompanying increase in the brake-fluid quantity within 
the second conduit part A2 due to the drive of the pump 
15, the second brake-fluid pressure PL within the sec- 
ond conduit part A2 is conveyed to the first conduit part 
A1 in accordance with the slope of line Y2, i.e., the pre- 
determined attenuation ratio. Accordingly, when the 
master-cylinder pressure PU in the first conduit part A1 
is seen as a reference, the second brake-fluid pressure 
PL increased by the drive of the pump 15 comes to be 
held by this proportioning control valve 13 in a state 
amplified in an inverse relationship with the above- 
described predetermined attenuation ratio. 

When brake fluid flows from the first conduit part A1 
to the second conduit part A2 through the proportioning 
control valve 13, brake-fluid pressure similar to the 
basic pressure is conveyed to the downstream side 
without performing attenuation of the brake-fluid pres- 
sure. In this case, the basic-pressure side of the propor- 
tioning control valve 13 is the first condurt part A1 side, 
and the downstream side is the second conduit part A2 
side. 

Next, a structure and the control processing to con- 
trol the above-mentioned pressure amplifying device 10 
and the like will be described. 

An electric control unit (ECU) 20 shown in FIG. 3 
performs control for increasing braking forces of the 
wheels by the pressure amplifying device 10 moving the 
brake fluid from a master cylinder 5 side to first and sec- 
ond wheel cylinders 8 and 9 side. 

The ECU 20 is structured as a micro computer pro- 
vided with a CPU 20a, a ROM 20b, a RAM 20c, an 
input/output portion 20d, a bus line 20e, and the like of 
known art, as shown in FIG. 26. 

A brake switch 23 to detect depression of the brake 
pedal 1 and pedal-stroke sensor 25 to detect the 
amount of depression of the brake pedal 1 are con- 
nected to the input/output portion 20d. The pedal-stroke 
sensor 25 detects the amount of depression of the 
brake pedal 1 from a reference position where the brake 
pedal 1 has not been depressed, i.e., the value corre- 
sponding to the present position of the brake pedal 1 . In 
addition, the pump 15 to provide brake fluid for the sec- 
ond conduit part A2 in order to exhibit the high braking 
force due to the brake assist performed by the pressure 
amplifying device 10 is connected to the input/output 
portion 20d. 

Processing control to change a starting criterion of 
the brake assist, performed in the ECU 20 will be 



described based on the flowchart in FIG. 4. 

In step Si 00, it is determined whether the brake 
pedal 1 has been depressed by determining whether a 
brake switch 23 is on. When the determination herein is 
s affirmative, the processing advances to step Si 10; 
when the determination is negative, the processing is 
terminated. 

In step S110, an operated quantity X of the brake 
pedal 1 is detected on a basis of a signal from the stroke 

io sensor 25. That is to say, the state of extent to which the 
brake pedal 1 has been depressed (i.e., the present 
position thereof) is determined. 

Next, in step S120. a starting criterion dXs for start- 
ing brake assist is changed in accordance with the oper- 

15 ated quantity X of the brake pedal 1 . In more detail, the 
operation change-quantity threshold value (starting cri- 
terion) dXs corresponding to the operated quantity X is 
determined from a map of the operated quantity X and 
the operation change-quantity threshold value dXs such 

20 as is shown in FIG. 5A. The value is established as the 
operation change-quantity threshold value dXs. 

Next, in step 130, the operated quantity X of the 
brake pedal 1 is differentiated and an operated-quantity 
change dX which is the movement speed (i.e., the oper- 

25 ated speed) of the brake pedal 1 is calculated. 

Next, in step S140. it is determined whether the 
operated-quantity change dX of the brake pedal 1 is the 
operation change-quantity threshold value dXs or more. 
When an affirmative determination is made herein, the 

30 processing advances to step S150; when a negative 
determination is made, the processing is terminated. 

In step S150, the timing for starting the brake assist 
is obtained, and so the pump 15 is driven to increase 
wheel-cylinder pressure. As a result, brake assist is 

35 started, and the processing at this time is terminated. 

In this way, according to this embodiment, in an 
apparatus provided with a power brake composed of the 
pressure-amplifying device 10, the position (operated 
quantity X) and speed (operated-quantity change dX) of 

40 the brake pedal 1 are determined. The operation 
change-quantity threshold value (starting criterion) dXs 
for starting the brake assist is changed in accordance 
with this operated ^quantity X. In a case where the oper- 
ated-quantity change dX has become the operation 

45 change-quantity threshold value dXs or more, the brake 
assist is started. 

Therefore, the brake assist can reliably be per- 
formed no matter what the state of depression of the 
brake pedal 1 may be, and so there exists a remarkable 

so effect that sufficient braking force can be ensured. That 
is to say, in a state where braking force larger than the 
braking force during normal braking is requested, such 
as panicky sudden braking, large braking force can 
accurately be ensured. 

55 For example, in a conventional apparatus, when the 
brake pedal 1 was depressed further from a state of 
being depressed to a certain extent, the starting crite- 
rion for starting the brake assist was not reached 
because the operated speed of the brake pedal 1 did 
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not increase, and so it may have been unable to start 
brake assist. However, according to this embodiment, 
the starting criterion for starting the brake assist is 
changed (i.e., is reduced) in accordance with a state 
wherein the brake pedal 1 has been depressed to a cer- 
tain extent, and so in a case of further depression, the 
pump 15 is promptly driven (i.e., drive of the pump 15 is 
started or the driving speed of the pump 15 is 
increased), and the brake assist can be started. 

A stepped map, for example, as shown in FIG. 5B 
can be utilized as the map for changing this starting cri- 
terion dXs. In this case, there exists an advantage that 
the a small memory region in the ROM 12b is sufficient. 

(SECOND EMBODIMENT) 

A second embodiment of the present invention will 
be described next. 

In this embodiment, the brake control apparatus 
having the same structure as that of the first embodi- 
ment can be employed, and so the control processing 
thereof will be explained. It is to be noted that the same 
device as that in the first embodiment is given the same 
number in the second embodiment. 

As indicated in the flowchart in FIG. 6, according to 
this embodiment, firstly, in step S200, it is determined 
whether the brake switch 23 is on. When the determina- 
tion herein is affirmative, the processing advances to 
step S210; when the determination is negative, the 
processing is terminated. 

In step S210, an operated quantity X indicating the 
present position of the brake pedal 1 is determined 
based on the signal from the pedal-stroke sensor 23. 

In step S220, it is determined whether the operated 
quantity X of the brake pedal 1 is a predetermined oper- 
ated quantity threshold value (starting criterion) Xs or 
more. In detail, it is determined whether the operated 
quantity X which varies with the passage of time as 
shown in FIG. 7 has reached the operated quantity 
threshold value (starting criterion) Xs. When the deter- 
mination herein is affirmative, the processing advances 
to step S230; when the determination is negative, the 
processing is terminated. 

In step S230, because the timing for starting the 
brake assist has been obtained, the wheel cylinder 
pressure is increased by driving the pump 1 5, thereafter 
the processing is terminated. 

In this way, in the brake control apparatus provided 
with the power brake composed of the pressure amplify- 
ing device 10, the position (operated quantity X) of the 
brake pedal 1 is determined, and when the operated 
quantity X has reached the operated quantity threshold 
value (starting criterion) Xs for starting the brake assist, 
the brake assist is started. 

Therefore, in the same manner as the first embodi- 
ment, the brake assist can reliably be performed no 
matter what the state of depression of the brake pedal 1 
may be, and so there exists a remarkable effect that suf- 
ficient braking force can be ensured. In addition, 



because the second embodiment does not perform 
processing of calculating operated quantity change or of 
changing the operation change-quantity threshold 
value, the burden due to the processing can be 
5 reduced. 

(THIRD EMBODIMENT) 

A third embodiment of the present invention will be 

w described next. 

In this embodiment, the brake control apparatus 
having the same structure as that of the first embodi- 
ment can be employed, and so the control processing 
thereof will be explained. It is to be noted that the same 

is device as that in the first embodiment is given the same 
number in the third embodiment. In the third embodi- 
ment, the control processing of the first embodiment is 
combined with the control processing of the second 
embodiment. 

20 As indicated in the flowchart in FIG. 8, according to 
this embodiment, firstly, in step S300, it is determined 
whether the brake switch 23 is on. When the determina- 
tion herein is affirmative, the processing advances to 
step S310; when the determination is negative, the 

25 processing is terminated. 

In step S310, an operated quantity X indicating the 
position of the brake pedal 1 is detected based on the 
signal from the pedal-stroke sensor 23. 

In step S315. it is determined whether the operated 

30 quantity X of the brake pedal 1 is at or above a predeter- 
mined operated-quantity threshold value (first starting 
criterion) Xs. In more detail, as shown in FIG. 9, it is 
determined whether the operated quantity X has 
reached operated-quantity threshold value (first starting 

35 criterion) Xs. When an affirmative determination is 
made herein, the processing advances to step S320; 
when a negative determination is made, the processing 
advances to step S3 50. 

In step S320, a second starting criterion dXs for 

40 starting the brake assist is changed in accordance with 
the operated quantity X of the brake pedal 1. In more 
detail, an operation change-quantity threshold value 
(second starting criterion) dXs is determined in accord- 
ance with the operated quantity X from a map of the 

45 operation change-quantity threshold value dXs and the 
operated quantity X as shown in the FIG. 9. This second 
starting criterion is established as the operation 
change-quantity threshold value dXs for starting the 
brake assist. 

so Next, in step S330, the operated quantity X of the 
brake pedal 1 is differentiated, and operated-quantity 
change dX which is the operated speed of the brake 
pedal 1 is calculated. 

Next, in step S340, it is determined whether the 

55 operated-quantity change dX of the brake pedal 1 is the 
operation change-quantity threshold value dXs or more. 
When an affirmative determination is made herein, the 
processing advances to step S350; when a negative 
determination is made, the processing is terminated. 
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In step S350, the timing for starting the brake assist 
is obtained, and so the pump 15 is driven to increase 
wheel-cylinder pressure. As a result, the brake assist is 
started, and the processing is terminated. 

In this way, according to this embodiment, in an 
apparatus provided with the power brake composed of 
the pressure-amplifying device 10, the brake assist is 
started in a case where the operated quantity X (the 
position of the brake pedal 1) is at or above the oper- 
ated-quantity threshold value (first starting criterion) Xs 
for starting the brake assist. In addition, the operated 
speed (operated-quantity change dX) of the brake pedal 
1 are determined, the operation change-quantity 
threshold value (starting reference value) dXs for start- 
ing the brake assist is changed in accordance with the 
operated quantity X. In a case where the operated- 
quantity change dX has become this operation change- 
quantity threshold value dXs or more, the brake assist is 
started. 

Therefore, the brake assist can reliably be per- 
formed no matter what the state of depression of the 
brake pedal 1 may be, and so there exists a remarkable 
effect that sufficient braking force can be ensured, simi- 
larly to the foregoing first embodiment. Further, the 
brake assist is performed in a case where the brake 
pedal 1 has been depressed by a predetermined quan- 
tity or more, and so there exists an advantage that com- 
putational processing is reduced. 

(FOURTH EMBODIMENT) 

A fourth embodiment will be described next. 

According to this embodiment in particular, a Q 
sensor is utilized to detect deceleration of the vehicle 
body, and execution Con") or stopping ("off*) of the 
brake assist is switched in accordance with output 
therefrom. 

As indicated in the flowchart in FIG. 10, according 
to this embodiment, firstly, in step S400, it is determined 
whether the brake switch 23 is on. When the determina- 
tion herein is affirmative, the processing advances to 
step S410; when the determination is negative, the 
processing is terminated. 

In step S410, a body deceleration Y is detected on 
a basis of the signal from the G sensor. 

Next, in step S420, it is determined whether the 
body deceleration Y is at or above a predetermined 
body deceleration threshold value (starting criterion) 
Ys. In detail, it is determined whether the body deceler- 
ation Y which varies with the passage of time as shown 
in FIG. 1 1 has reached the body deceleration threshold 
value (starting criterion) Ys. When an affirmative deter- 
mination is made herein, the processing advances to 
step S430; when a negative determination is made, the 
processing is terminated. 

In step S430, the timing for starting the brake assist 
is obtained, the pump 15 is driven to increase the wheel 
cylinder pressure. As a result, the brake assist is started 
and then the processing is terminated. 



In this way, according to this embodiment, in an 
apparatus provided with the power brake composed of 
the pressure-amplifying device 10, the brake assist is 
started in a case where the body deceleration Y is at or 

5 above the body deceleration threshold value Ys for 
starting the brake assist. 

Therefore, the brake assist can reliably be per- 
formed no matter what the state of depression of the 
brake pedal 1 may be, and so there exists a remarkable 

w effect that sufficient braking force can be ensured, simi- 
larly to the foregoing first embodiment. Further, 
processing of calculating the operated quantity change 
or of changing the operation change-quantity threshold 
value is not performed; and so there exists an advan- 

15 tage that computational processing is reduced. 

It is to be noted that although the body deceleration 
Y is detected based on the signal from the G sensor, an 
assumed body speed or assumed body deceleration 
may be derived from, for example, a wheel speed 

20 detected by a wheel speed sensor according to a well- 
known calculation method. 

(FIFTH EMBODIMENT) 

25 Next, a fifth embodiment will be described. 

In this embodiment, the brake control apparatus is 
applied in a vehicle of a diagonal brake-fluid conduit 
system provided with respective brake-fluid conduits of 
connecting front-right wheel cylinder with rear-left wheel 

30 cylinder and connecting front-left wheel cylinder with 
rear-right wheel cylinder in a front-wheel drive four- 
wheeled vehicle, similarly to the foregoing first embodi- 
ment. However, there is a characteristic in that, as a 
device performing a brake assist, booster is used for the 

35 replacement of the pressure amplifying device 10 in the 
first embodiment. 

First, the structure of the brake control apparatus 
will be described based on a model diagram shown in 
FIG. 12. 

40 In FIG. 1 2, a brake pedal 101 which is depressed by 
a driver when applying braking force to a vehicle, is con- 
nected to a booster (vacuum booster) 103. Accordingly, 
depressing force applied to the brake pedal 101 and 
pedal stroke thereof are conveyed to the booster 103. 

45 The booster 103 has at least two chambers, a f irst 
chamber and a second chamber, and for example the 
first chamber can be set as an atmospheric-pressure 
chamber and the second chamber can be set as a vac- 
uum chamber. Intake-manifold vacuum of an engine, 

so vacuum generated by a vacuum pump or the like is 
employed as vacuum introduced in the vacuum cham- 
ber. Accordingly, this booster 103 directly boosts the 
driver's pedal depression or pedal stroke by a pressure 
differential of the atmospheric-pressure chamber and 

55 the vacuum chamber. The booster 103 has a push rod 
or the like to convey the depression force or pedal 
stroke boosted in this way to a master cylinder 105. and 
this push rod generates master-cylinder pressure PU by 
compressing a master piston disposed in the master 
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cylinder 105. 

The master cylinder 105 is provided with an inde- 
pendent master reservoir 107 to supply brake fluid 
inside the master cylinder 105 or to accumulate excess 
brake fluid from the master cylinder 105. s 

The master-cylinder pressure PU generated in the 
master cylinder 105 is conveyed to brake fluid within a 
first conduit A linking the master cylinder 5 and a first 
wheel cylinder (W/C) 108 disposed in the front-right 
wheel FR to impart braking force to this wheel, and the 10 
master 105 and a second wheel cylinder 109 disposed 
in the rear-left wheel RL to impart braking force to this 
wheel. The master-cylinder pressure PU is similarly 
conveyed also to a second conduit linking respective 
wheel cylinders disposed in the front-left wheel and the is 
rear-right wheel to the master cylinder 105. However, 
because structure similar to the first conduit A can be 
employed for the second conduit, detailed description 

will be omitted. 

It is to be noted that a proportioning control valve 20 
130 as well-known (similar to the foregoing proportion- 
ing control valve 13) may be disposed at a conduit at the 
side of the rear-left wheel RL to operate so that the 
brake fluid pressure applied to the second wheel cylin- 
der 1 09 becomes smaller than the brake-fluid pressure 25 
applied to first wheel cylinder 1 08. 

In particular, according to this embodiment, the 
booster 103 generates a pressure differential of the 
atmospheric-pressure chamber and vacuum chamber 
(booster 103; ON) when required. That is, the booster 30 
103 is used to switch the brake assist on and off. In 
detail, the booster 103 is turned on or off depending on 
a changed starting criterion of the brake assist, similar 
to the processing shown in the flowchart of FIG. 5. 

That is, according to the present embodiment, in an 35 
apparatus provided with a power brake composed of the 
booster 103. first, the position (operated quantity X) and 
speed (operated quantity change dX) of the brake pedal 
101 are determined. Then, the operation change-quan- 
tity threshold value (starting criterion) dXs is changed in 40 
response to the operated quantity X. When the oper- 
ated quantity change dX is at or above the starting crite- 
rion dXs, the booster 103 is turned on to start the brake 
assist. 

Therefore, the brake assist can reliably be per- 45 
formed no matter what the state of depression of the 
brake pedal 101 may be, and so there exists a remark- 
able effect that sufficient braking force can be ensured, 
similarly to the foregoing first embodiment. 

The booster 1 03 may not only be turned on and off so 
but also variably control the pressure differential of the 
atmospheric-pressure chamber and vacuum chamber 
in response to the starting criterion. In this case, for 
example, a pressure control device 103a as shown in 
FIG. 12 is provided to the booster 103. To increase the ss 
brake assist, negative pressure in the vacuum chamber 
may be strengthened or pressure in the atmospheric- 
pressure chamber may be increased. On the other 
hand, when reducing the brake assist, a passage con- 
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necting the atmospheric-pressure chamber and vac- 
uum chamber may be controlled to alternatively open 
and closed states. 

The present invention is not limited to the foregoing 
embodiments but can be modified in various ways as 
described below. 

(1) In the first embodiment, the pressure amplifying 
device 10 was composed of the pump 15 and the 
proportional control valve 13. However, the pres- 
sure amplifying device 10 is not limited to this, a 
simple structure that is composed of only the pump 
15 disposed in the f irst conduit A as shown in FIG. 
13 can be adopted as the pressure amplifying 
device 10. 

(2) In the first embodiment, the following devices 
can be adopted instead of the proportioning control 
valve 13. 

(2-1) As shown in FIG. 14A, a two-way solenoid 
valve 300 which has a port 300a inserted a dif- 
ferential pressure valve therein and a port 300b 
to realize a communicated state can be used 
instead of the proportioning control valve 13. It 
is to be noted that a check valve 310 is con- 
nected in parallel to the two-way solenoid valve 
300. 

(2-2) As shown in FIG. 14B, a two-way solenoid 
valve 400 provided merely with an interrupted 
position and a communicated position can be 
employed instead of the proportioning control 
valve 1 3. It is to be noted that a check valve 41 0 
is connected in parallel to the two-way solenoid 
valve 400. 

(2-3) As shown in FIG. 14C, a restrictor 500 
can be employed instead of the proportioning 
control valve 13. 

(3) In the first embodiment, amplification of brake 
fluid quantity with respect to the second conduit 
part A2 by the pressure amplifying device 10 was 
performed with respect to both the front-right wheel 
FR and the rear-left wheel RL However, amplifica- 
tion of brake fluid quantity by the pressure amplify- 
ing device 10 may be performed only at the front- 
right and front-left wheels. There may be cases 
wherein assurance of braking force in the rear-right 
and rear-left wheels cannot be expected due to 
load movement occurring during vehicle braking. 
When great load movement occurs, it even arises 
possibility that the rear wheels become prone to 
slippage when large braking force is applied to the 
rear wheels. In such a case, efficient braking force 
can be gained by performing pressure amplification 
only at the front-right and front-left wheels. 

(4) Because brake fluid pressure can be increased 
by the pressure amplifying device 10. it is possible 
to reduce the capacity of the booster 3 provided in 
the foregoing embodiments and make the booster 3 
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compact, or even to eliminate the booster 3. That is 
to say, the load on pedal depression force by the 
driver can be sufficiently lessened and high braking 
force can be ensured even when there is no pres- 
sure-increasing action on the master-cylinder pres- s 
sure by the booster 3. To the contrary, even if the 
pressure amplifying device 10 is eliminated, high 
braking force can be ensured only with the booster. 

(5) In the foregoing embodiments, an apparatus 
described therein was not provided with an anti- 10 
skid control system. However, the present invention 
can apply to the anti-skid control system that has a 
well-known fluid-pressure increasing control valve, 
fluid-pressure decreasing control valve, reservoir 
and so on. In this case, there is an advantage that is 
braking force on a road having high friction coeffi- 
cient can be enhanced. 

(6) In the first embodiment, the operated quantity of 
the brake pedal was detected, and the starting cri- 
terion of the brake assist was changed in response 20 
to the operated quantity. However, master-cylinder 
pressure, for example, is detected by a pressure 
sensor and the starting criterion of the brake assist 
may be changed in response to the master-cylinder 
pressure. Or, a depressing force on the brake ped al zs 
is detected bv the pressure sensor, and the sta rting 
crite rion may be change d in response to the 

(fclepreiiing Jorce._ _ " " ~ 

(7) In the first embodiment, the operated speed of 
the brake pedal was adopted as the starting crite- 30 
rion. However, an operated acceleration of the 
brake pedal can be adopted in the replacement of 
the operated speed. When the brake pedal is rap- 
idly depressed rapidly, the operated acceleration of 
the brake pedal becomes large and it can be 35 
assumed to be panicky condition that large braking 
force is necessary. Therefore, the operated acceler- 
ation of the brake pedal can be used as the starting 
criterion. 

(8) Although the starting criterion was automatically 40 
changed in response to the operated quantity of the 
brake pedal as stated above, it may be manually 
changed by a driver while the driver takes road sur- 
face conditions or surrounding environmental con- 
ditions (for example, low temperature) into 45 
considerations. As a result, optimal braking force 
can be obtained based on the driver's determina- 
tion. 

Claims 50 

1 . A brake control apparatus for a vehicle, comprising: 

a brake-fluid pressure generating device 
(3,5,7) which has a generating source (5) to ss 
generate a first brake-fluid pressure to apply 
braking force to a vehicle; 
a brake pedal (1) which conveys a depressing 
force thereon to said brake-fluid pressure gen- 



erating device (3,5,7); 

a wheel braking force generating. device (8,9) 
which causes braking force to be generated at 
a wheel; 

a brake assisting device (10) which provides a 
second brake fluid pressure higher than said 
first brake fluid pressure for said wheel braking 
force generating device (8,9); 
a starting device (20. s140, S150) which 
causes said brake assisting device (10) to start 
brake assisting when a physical quantity varied 
in response to a braking state has reached a 
predetermined starting criterion; 
an operated quantity detecting device (25, 
S1 10) which detects a value corresponding to 
an operated quantity of said brake pedal (1); 
and 

a starting criterion changing device (20, S120) 
which changes said predetermined starting cri- 
terion in response to said value corresponding 
to said operated quantity of said brake pedal. 

2. A brake control apparatus for a vehicle as recited in 
claim 1, wherein said value corresponding to said 
operated quantity of said brake pedal (1) is a 
depressed position of said brake pedal (1). 

3. A brake control apparatus for a vehicle as recited in 
claim 1 , wherein said value corresponding to said 
operated quantity of said brake pedal (1) is a pedal 
stroke of said brake pedal (1). 

4. A brake control apparatus for a vehicle as recited in 
claim 1, wherein said value corresponding to said 
operated quantity of said brake pedal (1) is a value 
of said first brake-fluid pressure generated by said 
brake-fluid pressure-generating device (3,5,7). 

5. A brake control apparatus for a vehicle as recited in 
claim 1 , wherein said value corresponding to said 
operated quantity of said brake pedal (1) is depres- 
sion force of a driver with respect to said brake 
pedal (1). 

6. A brake control apparatus for a vehicle as recited in 
claim 1 , wherein said starting criterion is set based 
on an operational speed which is a change in said 
operated quantity of said brake pedal (1). 

7. A brake control apparatus for a vehicle as recited in 
claim 1 . wherein said starting criterion is set based 
on an operational acceleration which is a change in 
said operating speed of said brake pedal (1). 

8. A brake control apparatus for a vehicle, comprising: 

a brake-fluid pressure generating device 
(3,5,7) which has a generating source (5) to 
generate a first brake-fluid pressure to apply 
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braking force to a vehicle; 
a brake pedal (1) which conveys a depressing 
force thereon to said brake-fluid pressure gen- 
erating device (3,5,7); 

a wheel braking force generating device (8,9) s 
which causes braking force to be generated at 
awheel; 

a brake assisting device (10) which provides a 
second brake fluid pressure higher than said 
first brake fluid pressure for said wheel braking w 
force generating device (8,9); 
an operated quantity detecting device (25) 
which detects a value corresponding to an 
operated quantity of said brake pedal (1); and 
a starting device (20, S220, s230) which 15 
causes said brake assisting device to start 
brake assisting when said value corresponding 
to said operated quantity of said brake pedal 
(1) has reached a predetermined determina- 
tion value. 20 

9. A brake control apparatus for a vehicle as recited in 
claim 8, wherein said value corresponding to said 
operated quantity of said brake pedal (1) is a 
depressed position of said brake pedal (1). 25 

1 0. A brake control apparatus for a vehicle as recited in 
claim 8, wherein said value corresponding to said 
operated quantity of said brake pedal (1) is a pedal 
stroke of said brake pedal (1 ). so 

1 1 . A brake control apparatus for a vehicle as recited in 
claim 8, wherein said value corresponding to said 
operated quantity of said brake pedal (1) is a value 

of said first brake-fluid pressure generated by said 35 
brake-fluid pressure-generating device (3,5,7). 

1 2. A brake control apparatus for a vehicle as recited in 
claim 8, wherein said value corresponding to said 
operated quantity of said brake pedal (1) is depres- 40 
sion force of a driver with respect to said brake 
pedal (1). 

1 3. A brake control apparatus for a vehicle as recited in 
claim 8, wherein said starting criterion is set based 45 
on an operational speed which is a change in said 
operated quantity of said brake pedal (1). 

14. A brake control apparatus for a vehicle as recited in 
claim 8, wherein said starting criterion is set based so 
on an operational acceleration which is a change in 
said operating speed of said brake pedal (1). 

1 5. A brake control apparatus for a vehicle, comprising: 

55 

a brake-fluid pressure generating device 
(3,5,7) which has a generating source (5) to 
generate a first brake-fluid pressure to apply 
braking force to a vehicle; 



a brake pedal (1) which conveys a depressing 
force thereon to said brake-fluid pressure gen- 
erating device (3,5,7); 

a wheel braking force generating device (8,9) 
which causes braking force to be generated at 
a wheel; 

a brake assisting device (10) which provides a 
second brake fluid pressure higher than said 
first brake fluid pressure for said wheel braking 
force generating device (8,9); 
a deceleration detecting device (S410) which 
detects deceleration of a vehicle body; and 
a starting device (S420, S430) which causes 
said brake assisting device to start brake 
assisting when said deceleration of said vehi- 
cle body has reached a predetermined decel- 
eration determination value. 

1 6. A brake control apparatus for a vehicle, comprising: 

a brake pedal (1) which is operated by a driver 
during braking; 

a sudden braking determination device (S3 15, 
S340) which determines whether sudden brak- 
ing is executed by a driver based on an oper- 
ated quantity and operated speed of said brake 
pedal (1); and 

a brake assisting device (10, S350) which gen- 
erates a larger braking force at a wheel than a 
braking force corresponding to an operated 
quantity of said brake pedal (1) when said sud- 
den braking determination (S315, S340) device 
determines that said sudden braking has been 
executed. 

17. A brake control apparatus for a vehicle as recited in 
claim 16, wherein said sudden braking determina- 
tion device (S3 15, S340) determines that said sud- 
den braking has been executed in a case where at 
least one of conditions that said operated quantity 
of said brake pedal (1) has reached a first predeter- 
mined value and said operated speed of said brake 
pedal (1) has reached a second predetermined 
value has been fulfilled. 

18. A brake control apparatus for a vehicle as recited in 
claim 17, wherein said sudden braking determina- 
tion device has a changing device (S320) for 
changing said second predetermined value in 
response to said operated quantity of said brake 
pedal. 

19. A brake control apparatus for a vehicle as recited in 
claim 16, wherein said sudden braking determina- 
tion device (S315, S340) determines that said sud- 
den braking has been executed in a case where 
said operational speed of said brake pedal (1) has 
reached a starting criterion which is changed in 
response to said operated quantity of said brake 
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